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Regional  and National
Impacts  of Expanded  Pacific
Northwest  Potato Production
Edmund Estes,  Leroy Blakeslee  and Ron C.  Mittelhammer
A 46-equation  econometric  model of the U.S.  potato  market  was developed.  The
model  examines  the  determination  of planted  acreage,  yield,  production,  and  farm
prices in the Pacific  Northwest and in five other producing regions which compete with
Northwest production.  National demand  relationships  for potatoes  used in  processing,
fresh  consumption  and livestock feed  are  also specified.  These estimated  relationships
are  used  to  simulate  future  scenarios  which  assume  alternative  rates  of expansion  for
Northwest potato production.  Results suggest that opportunities for considerable expan-
sion of Northwest potato production exist if the secular shift in potato demand continues
and increases  in acreage  are not excessive  or expansion  does not occur too quickly.
One  notable  change  in  Pacific  Northwest
agriculture  during  the  1970's  was  the  in-
crease in farmland under irrigation.  Prelimi-
nary  Census  of  Agriculture  figures  for
Washington  show  an  increase  of  irrigated
cropland  of 478,000  acres,  or  39%  between
1969 and 1978.  Growth was particularly rapid
between  1974  and 1978.
Further  significant  expansion  is  currently
under  consideration  in  some  areas,  and  in
progress  for  others.  Whittlesey,  et  al.  es-
timated  that  there  are  2.2  million  acres  of
potentially  irrigable  land  in  the  Pacific
Northwest,  though  development  of much  of
this  land  may  be  economically  infeasible  at
present.  However,  over 500,000 acres  of this
total are  in the  Columbia  Basin  area  where
federal development  has been  authorized.
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Cropping patterns  on irrigated  lands  tend
to emphasize production of high value crops,
such  as  potatoes,  in  order  to  cover  large
initial  capital  and  operating  costs.  A  major
expansion of potato production  in  the North-
west would add significantly  to  national sup-
ply,  yet the impact  of additional  supplies  on
Pacific  Northwest  growers,  on producers  in
competing  regions,  and  on  consumers  are
unknown.  In  particular,  Northwest  potato
producers  are  uncertain  of  their  ability  to
market  expanding  production  without  de-
pressing local  and national potato prices.
Available  evidence  from  past  studies  of
potato  demand  indicate  quantity demanded
to be highly price inelastic [Brandow;  George
and  King;  Simmons;  Zusman].  By itself, this
suggests  that rapid  expansion  in total  potato
production  would  have  substantial  depress-
ing effects on potato price.  However,  the net
market  impacts  depend not  only on demand
elasticity,  but  also  the  actual  increase  in
Pacific Northwest production,  the time inter-
val  over  which  production  increases  occur,
shifts  in  potato demand,  and the  supply  re-
sponse  behavior  of producers  in  competing
regions.
This paper reports the results of an investi-
gation  of these  issues.  A  46-equation
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econometric  model of the U.S.  potato market
was  developed.  It  models  national  demand
for  fresh  potatoes  and  potatoes  for  process-
ing;  national  and regional  potato prices;  and
acreage,  yield  and production  in  the  Pacific
Northwest  and  in  five  other  producing  re-
gions  which  compete  with  Northwest  pro-
duction.  These  estimated  relationships  are
used  to  simulate  future  scenarios  which  as-
sume  alternative  rates  of  expansion  for
Northwest  potato production.
Potato Industry Considerations
Among  all  vegetable  crops,  potatoes  have
consistently ranked  highest in  terms of acre-
age,  production,  and  value  measures  in the
U.S.  In  1981  there  were  1.2  million  acres
harvested  (.5  million  hectares)  resulting  in
approximately  330  million  cwt  of  potatoes
grown.  Since  1955  potato production  has ex-
panded  over  385  percent,  but  even  more
rapid  expansion  has  occurred  in  Pacific
Northwest  (PNW)  states.  Currently,
Washington,  Idaho,  and  Oregon  provide
nearly  half of all  potatoes  produced  domes-
tically,  are  each among  the top five  states  in
reported  average  yield per  acre,  and  supply
nearly  87  percent  of the  potatoes  used  for
processing  [Raleigh].  Sustained  production
growth in  the PNW  has occurred  due to the
high  yield  levels  realized,  the  adoption  of
improved  production  technologies,  and
strong consumer  acceptance  of the  varieties
and product forms  available  from  PNW sup-
pliers.
Disappearance  data indicate the major uti-
lizations  of potatoes  can  be  identified  as:  (1)
fresh  consumption;  (2)  processed  products;
and  (3) livestock  feed.  Human  consumption
typically  accounts  for  three-fourths  of  total
disappearance with the remaining one-fourth
utilized  by livestock  feeders,  seed  stock  us-
ers,  and  losses  due  to  shrinkage  factors.
Fresh and processed  forms have experienced
persistent  but opposite  secular  trends  since
mid-century.  Per  capita  fresh  consumption
currently  is  one-half  of  its  level  in  1950.
Conversely,  per  capita  consumption  of
processed potatoes has increased  11-fold dur-
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ing  the  same  time  span.  The  trend  toward
higher  consumption  of processed  products
likely reflects  a shift of consumer preferences
in favor of convenience  foods.  The strength of
processing  demand  has  resulted  in  the  per
capita consumption for all potatoes increasing
nearly  10 percent  since  1955.
While  positive  trends  for  per  capita  con-
sumption, production,  and price  are evident
during  the  last  twenty-five  years,  year-to-
year  variations  in price and production  have
caused  significant  income  disruptions  for
farmers  and potato handlers.  In part, produc-
tion  and  price  instability  have  been  caused
by comparatively  free  entry and exit in  pro-
duction,  the absence  of government  support-
ing activities,  and the uncertainty concerning
harvest prices  and  total production  at  plant-
ing time.
Model  Specification
The model is comprised of three families of
equations:  (1) regional  and  national  supply
relationships  consisting  of six  regional  acre-
age  planted  equations,  six  yield  equations,
and 24 supply related variable definitions;  (2)
national  demand and price relationships  con-
sisting of three demand equations  and a mar-
ket clearing identity;  and (3) six relationships
which  link national and regional  prices.
The  six supply regions considered  are: the
Pacific  Northwest  (PNW)  consisting  of
Washington,  Idaho,  and  Oregon;  the  Red
River  Valley  (RRV);  Maine;  the  North  Cen-
tral  region  (NC)  consisting  of Michigan  and
Wisconsin; the Central West (CW) consisting
of  Colorado  and  California;  and  all  other
states  of the  continental  U.S.  The  specifica-
tion of the  supply  response  model attempts
to  acknowledge  price  uncertainty  as  an  im-
portant  factor  affecting  producer  decisions.
Farmer  decision-marking  under uncertainty
within  a free-market  environment  has  been
examined  by  Nerlove  (1956,  1958),  Carter
and Dean,  and Just (1974,  1977) among  oth-
ers. In addition, general theoretical consider-
ations  concerning  decision-making  behavior
by Markowitz,  Tobin,  Cagan,  and Anderson,
et  al.  suggest  that  these  decisions  can  be
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analyzed  by  examining  the  mean  and
variance  values  obtained  from  a  subjective
probability  distribution  of  random  variable
outcomes. 1 This  study  utilizes  the  general-
ized adaptive  expectations  framework for  in-
corporating  risk  suggested  by  Just  (1974,
1977),  subject  to certain  extensions  adopted
to improve  estimator  efficiency and to  aid  in
the interpretation  of estimator  results [Estes;
Estes,  et  al.].  In  particular,  unobservable
expectation-type  variables are constructed on
the basis  that producers  form perceptions  of
both  mean  and  variance  of  the  subjective
distribution of future prices through a Nerlo-
vian adaptive  adjustment  process.2 Further,
it  is  assumed  that  the  squared  difference
between  true  price  outcomes  and  expected
prices  measures  a degree  of uncertainty  sur-
rounding  the  price  expectation.  Regional
potato  acreage  equations  ultimately  utilized
included expected regional potato prices, ex-
pected prices  of principal  substitutes,  potato
acreage planted  in  the previous  year,  and  a
measure  of  the  uncertainty  attached  to  ex-
pected potato  prices.3
'Over  successive periods  the incorporation  of previously
perceived  errors  permits  a  producer  to  formulate  ex-
pectations  adaptively.  Cagan  and Nerlove  offer  excel-
lent discussions  of the expectation  arguments.
2For a  single output,  Q,  produced  with inputs  (X1,  X2,
..., X), and for output and input prices (P, rl, r2,  .. ..
rn) expected  profit  is E[PQ - rixi].  The expression  in
brackets  defines  profit,  or  what  is  sometimes  termed
"gross  margin." The randomness  of such a quantity may
be  due  to  the  randomness  of  output  prices,  input
prices, or the process through which inputs are convert-
ed into output.  The  preferred  circumstances  would  be
to make  use of expected  profit  or expected  gross  mar-
gins in  empirical analysis.  Oftentimes,  data limitations
preclude  this  approach  and  thus  price  expectation  is
employed as a reasonable proxy for returns. Price  is one
of the  most important  and  most variable  determinants
of profit levels.
3The  specification  originally  considered  included  mea-
sures  of uncertainty  attached  to  prices  of substitute
crops.  These terms were  dropped from  final equations
because  t-values for their coefficients  were much  small-
er  than  1.0.  See  the  section  on  Behavioral  Model
Results  for discussion  of the equation  strategy  used.
The  equations  for  acreage  in  the  Pacific
Northwest,  the Red River Valley,  and Maine
also  contain  a time trend,  though the  trend
added  little  potato  supply  in  any  region  ex-
cept the  Pacific  Northwest.  The  trend  vari-
able  in  the  PNW  acreage  equation  is inter-
preted  as  primarily  representing  the  effects
of  growth  in  the  area  under  irrigation.  No
specific interpretation  is offered for the trend
in other regions'  acreage  equations,  but the
variable  may capture  the net effect of secular
change  in  omitted  economic  variables.  In
addition,  consideration was  given to the pos-
sibility  of  a  partial  adjustment  process  in
potato  acreage  determination  by  examining
the effect  of lagged  potato acreage  as  a vari-
able  explaining  current acreage.
Although a variety  of attempts were made
to  model  yields  per  planted  acre  in  the  six
regions,  potato  yields  are  best  explained  by
simple  functions  of  time.  Regional  produc-
tion is then defined as the product of acreage
times yield.
The demand  for  potatoes  is  modeled  as  a
derived  demand  at  the farm  level.  Separate
equations  are  used  to  model  demand  for
potatoes  to be  consumed  fresh,  demand  for
potatoes  to  be  used  for  processing,  and  de-
mand  for  potatoes  to  be  used  as  livestock
feed.
The fresh and processed demands together
represent  the demand  for human  consump-
tion.  These  demands  are  modeled  on  a per
capita  basis  and include  deflated  U.S.  aver-
age  price  received  by  farmers  for  potatoes,
real  per  capita  income,  and  the  fraction  of
women in the U.S.  labor force as explanatory
variables.  The  proportion  of women  in  the
U.S.  labor force is  used as a proxy measuring
consumer preference  for convenience  in food
products.  The  fresh  demand  equation  also
includes  an  index  of  hourly  wage  rates  in
wholesale  and retail  trade  (IWR),  while  the
demand for processing equation contains  the
industrial wholesale price index (IWPI).  Both
indices are  used to proxy the cost of market-
ing  services  affecting  the  marketing  margin
between farm  and  retail prices  for  potatoes.
The  IWR  is  chosen  for  the  fresh  demand
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equation based on research conducted by the
National Commission  on Food Marketing  in-
dicating labor cost as the most important cost
component  in  the  movement  of fresh  fruit
and  vegetable  products  through  the  market
channel.  In the processing demand equation,
the IWPI  is  felt  to be  a more  suitable  proxy
for costs  of marketing  services,  a substantial
portion  of which  are  associated  with  goods
and  services  required  in  processing  plant
operations.
Initial  specification  of  the  feed  demand
relationship  included  livestock  population
and  substitute  feed  variables  in  addition  to
the  farm  price  of  potatoes  as  explanatory
variables.  No  significant  statistical  relation-
ship could be found except between  quantity
of feed  potatoes  and  farm  prices,  and  thus
feed  demand  is  a  simple  function  of farm
price  of potatoes.
U.S.  average price received by farmers for
the crop harvested  in any year is determined
as  the  price  that  equates  the  sum  of fresh
demand,  demand  for  processing,  feed  de-
mand,  and  miscellaneous  minor  demands
(treated exogenously) with harvested  supply.
Six  equations  are  also  specified  to  link
regional  average  prices  received  by  farmers
to  the  national  average  price  received  by
farmers.  In  each  case,  regional  price  is  ex-
pressed  as  a  function  of  national  average
price and  a variable which captures the influ-
ence  of the particular  season  in  which  a  re-
gion's  production  is  marketed.
Estimation Techniques
Most  empirical  results  are  obtained  using
conventional  econometric  procedures.  The
estimation of the acreage  equations  is  some-
what less  conventional.  Under the  specifica-
tion  adopted,  planted  acreage  is  related  to
the mean  and variance  of the subjective  dis-
tribution of future potato prices, among other
variables.  The  use  of  expectation  variables,
however,  forces  one  to  measure  variables
that  are  not  directly  observable.  To  handle
this  an  attractive  procedure  suggested  by
Just  (1974,  1977) was  adopted and extended.
It is based  on the notion that producers  form
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perceptions of both mean and variance of the
subjective  distribution of future potato prices
through  a  Nerlovian  adaptive  adjustment
process.
A basic prototype of the acreage  equations
can  be represented  as
(1)  At=  o3 0+ 31Pt-  + P3 2 Vt-  + Lt
(2)  Pt-_  = Pt-2 + (Pt--  Pt-2)
00
=  (~  E  (1-
i'Pt-i-
i=O
(3)  V:-1 = V-  2 +  [(Pt-1  Pt- 2)2- V-  2]
00
=  d  I  (1-- )i (Pt-i
i=O
- e  2)
-1  Pt-i-2)
where  Lt  is  a vector  of i.i.d.  normal variates
with mean zero and variance cr2, At is acreage
in year t,  Pt is price received in year t, and Pt
and  Vt  are  the  mean  and  variance,  respec-
tively,  of the  subjective  distribution  of year
t + 1 prices as  perceived  in year t.  The acre-
age  equation  set  is  segmentable  from  the
complete  model,  and thus  the acreage equa-
tions  can  be  estimated  separately  from  the
remaining  equations  in the model.  The par-
ticular  estimation  technique  used  involves
the construction  of a consistent  estimator  of
Pt-1 and of V-  1 coupled with an application
of nonlinear least-squares  (in this case,  equi-
valent  to  maximum  likelihood)  estimation
that ultimately results in consistent estimates
of all unknown parameters  in the  equations,
including  parameters  associated  with  con-
ventional  regressors  and  the  coefficient  of
adjustment,  4.  The appendix provides a con-
densed  account  of the estimation  procedure
used  (for  additional  details  see  Estes,  and
also Just (1974,  1977)).
Yield  equations  were  estimated  by  ordi-
nary  least-squares  (OLS)  since  only  one  en-
dogenous  variable  per  equation  was
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specified.  Under  the  conceptualization
adopted  in  this  study,  season  average  farm
price  and annual  levels  of the three  compo-
nents of demand were simultaneously deter-
mined once  total  production and  other pre-
determined variables were given.  Therefore,
each  structural  demand  equation  contained
two simultaneously determined  variables and
two-stage  least-squares  (2SLS) was  used  for
estimation.  The  human  consumption  de-
mand relationships were  estimated  as  linear
functions  of the explanatory  variables,  while
feed demand was estimated  as an exponential
function  of  undeflated  farm  price.  The  six
equations linking regional prices with nation-
al  price  were  estimated  by  two-stage  least-
squares  since  each  equation  contained  two
jointly  determined  endogenous  variables.
The  parameters  of the  general  model  were
estimated  using  annual  time  series  observa-
tions  from 1955  to  1975.
Behavior  Model  Results
Parameter  estimates for  the regional acre-
age  equations  estimated  via nonlinear  least-
squares  methods  are  presented  in  Table  1,
while Table  2 reports short-run  and long-run
acreage  elasticities.  An  ad  hoc  strategy  was
adopted for choosing the final  specification  of
the  equations,  whereby  a  variable  was
eliminated  from the  specification  if both the
conditional  and unconditional  t-values  of its
associated parameter estimate were less than
1.0 in absolute value, unless such elimination
had  a  detrimental  effect  on  the  a  priori
reasonableness  of the  remaining  parameter
estimates.  The  specification  of  substitute
crops  as  alternative  production  possibilities
in  each region  was  determined  by conversa-
tions with  researchers  in  each  region,  previ-
ous  studies,  and in  part by  the  specification
strategy  indicated  above.  Finally,  prelimi-
nary attempts  to  estimate  the  Central  West
equation  under  the  partial  adjustment  hy-
pothesis  produced  a  coefficient  on  lagged
acreage  that was greater than 1.0. This result
was inconsistent  with the hypothesis,  and we
therefore  respecified  the  equation  omitting
lagged  acreage.
All estimated  coefficient  signs in  the acre-
age  set  agree  with  a priori expectations.  A
range  of  4  values  was  obtained  indicating
that  producer  price  expectations  are  for-
mulated differently in the various  regions.  In
four  of  the  six  regions  (PNW,  RRV,  NC,
OTH),  there  is  a  tendency  to  weight  last
period's  observed  price  more  heavily  than
last  period's  expected  price  in  generating
current price  expectations.  Estimated  coeffi-
cient  values  on  the  variance  regressor  sug-
gest that planting  decisions  are impacted  by
risk  considerations  in  some  of the  regions,
although the influence of risk does not appear
large and does vary  by region.  Price risk can
be managed through the use of forward pric-
ing agreements  with processors  (contracting)
and this influence  may explain why inclusion
of a  variance  term  was  unsuccessful  in  the
equation  for  the  PNW,  a  region  in  which
contracting is  a common  practice.
The results suggest  that the Pacific  North-
west acreage is expanding  at a rate of approxi-
mately  12,000 acres  annually on the average
(ceteris  paribus).  In  the  short-run,  it  is  es-
timated  that  potato  producers  show  only
limited  response  to  expected  price  in  their
output decisions.  For the Pacific  Northwest,
Table 2  suggests that a 1 percent increase  in
expected  price  produces  a  .26  percent  in-
crease in planted  acreage under average con-
ditions,  while  the  rest  of  the  U.S.  would
increase  planted  acreage  by  .62  percent  in
response to  a 1 percent increase  in  expected
price.  Estimated  acreage  responsiveness  to
price in the long-run  is considerably  higher,
especially  in  Maine  and  the  Other  region.
Mean value estimates for the  1955-75 period
indicate  a  1 percent  increase  in  price  pro-
duces approximately  a 1.03 percent increase
in plantings  in the U.S.  over the  long term.
In general,  the reported short-run  acreage
elasticities  are  consistent  with  results  ob-
tained by previous investigators.  Direct com-
parisons are difficult,  however,  due to differ-
ences in seasonal or regional characeristics  of
models  and  data  sets  used,  time,  or  other
specifications.  Short-run supply elasticities  of
acreage,  by  seasonal  group,  prior  to  1950,
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TABLE 2.  Estimated  Elasticities of Potato  Acreage  Planted  with Respect to Expected  Potato
Price,  Expected  Price of Substitutes, and  Variance  of Potato  Price,  by  Region.
Long-run
Short-run  elasticities  elasticities
with respect  to:  with  respect  to:
Regiona  EpPOT  EpSB  EpHAY  EpVEG  vpPOT  EpPOT
PNW  .259  -. 169  .493
RRV  .189  -. 273  -. 045  .349
MAINE  .476  -. 460  -. 085  1.982
NC  .131  -. 266  -. 005  .566
CW  2.053  -1.137  -1.485  -. 054  2.053b
OTHER  .239  -. 438  1.850
NOTE:  Elasticities calculated at  mean  levels for  1955-75 data.
aRegional abbreviations are as follows:  PNW-  Pacific Northwest (Washington,  Idaho and Oregon); RRV-  Red
River Valley;  NC - North  Central  (Michigan and Wisconsin);  CW - Central  West (Colorado  and  California);
OTHER - all  other states.
bThere is  no distinction between the long  run and short run values in  the CW region since the lagged acreage term
does not appear  in this equation.
ranged  from  .12  by  Hee  to  .21  by  Gray,
Sorenson, and Cochrane to  .31 by Pubols and
Klaman.  More recently,  Cardwell  and Davis
estimated the  short-run  elasticity  of acreage
response  for fall  potatoes  during  1958-77  to
be  approximately  .14.  Estimates  made  here
suggest that Central West acreage elasticities
with  respect  to  expected  prices  of potatoes
and substitutes are higher than their counter-
parts for other regions.  This  may be because
California acreage  dominates this  region's to-
tal,  and  the  presence  of  numerous  high-
valued alternatives  to potatoes in California is
leading  to higher  elasticity.
Table  2  results also imply that a 1 percent
decrease  in price  risk,  as  defined by VPPOT,
would  lead  to  an  increase  of plantings  from
.005  percent  to  .085  percent  in  various  re-
gions.  While direct comparisons  of risk's  im-
pact  on  potato  plantings  as  investigated  by
other  researchers  are  not  available,  these
values  are  consistent  with  risk  elasticity
values obtained by Lin in his investigation  of
wheat  (.06),  by  Ryan  in  his  investigation  of
Pinto  beans  (.09),  and Traill  in  his  study  of
onions  (.04).
Demand  equation  results  indicate  that
consumers  do  not change  consumption  dras-
tically in response to price changes (Table  3).
Under  average  conditions,  demand for  fresh
potatoes  is estimated to decrease  .12 percent
for  each  1 percent  increase  in  price  while
demand for processing  potatoes  is  estimated
to  decrease  .24  percent  for  each  1 percent
increase  in  price  (Table  4).  These  estimates
are quite  consistent  with previous  studies of
Simmons  who  obtained  demand  elasticity
values  ranging  from  -. 13 to  -. 64 and Zus-
man  who  obtained  demand  elasticity  esti-
mates  ranging  from  -. 14  to  -. 71.  Thus,
demands  were  found  to  be  relatively  price
inelastic,  suggesting  that  abrupt  changes  in
production  would  have  major  inverse  price
effects.  Table 4  indicates that preferences  in
favor  of convenience  foods,  as  measured  by
the  WLFus  variable,  provide  a  substantial
added  component  of demand  growth  while
the  income  elasticities  suggest  that  potato
demand  is  relatively  insensitive  to  income
changes.  Consumers  of fresh  and  processed
products are estimated to increase  their con-
sumption  with  higher  levels  of  per  capita
income,  but  in  each  case,  the  estimated
growth  in  consumption  would  be  less  than
the corresponding  percentage  growth  in per
capita income.  The  rising fraction of women
in  the  labor force  contributed  negatively  to
fresh  demand  and  positively  to  processed
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demand  as  expected,  and  the  net effect  on
aggregate  potato  demand  was  positive.  In-
creasing  cost  of  marketing  services  has  a
negative  effect  on  potato  demand,  as  ex-
pected. 4
Potato Market Simulations
Parameter  estimates  obtained  from  the
historical behavioral  model provide  an infor-
mation  base  to  assess  future  potato  market
situations.  Seven  future  market  scenarios
were  investigated  but  results  for only  three
simulations  will  be  reported.  In  an  initial
simulation,  continuation  of recent  trends  in
population,  per capita real income, women as
a proportion of the labor force,  potato yields,
and shifts  of potato acreage  response  curves
was  assumed.  All  prices,  except  potato
prices,  were  held  at  the  1972-76  average
levels.  Solution  values  for  the  endogenous
variables in the model were obtained using a
Gauss-Siedel  iterative  procedure,  and  are
identified  as  "baseline"  simulation  solutions
in Table  5 for selected years (1980,  1985,  and
1990).
Baseline  simulation  results show domestic
potato  acreage  increasing  approximately
207,000  acres  over  the  10-year  period,  and
the  PNW accounts  for  134,000  acres,  or al-
most  65  percent  of  this  total  increase.  The
estimated PNW market share increases  from
about  44  percent  in  1980  to  50  percent  in
1990.
Simulated  potato prices,  however,  remain
fairly  constant  as  both  national  demand  and
supply  increase  approximately  2.6  percent
each year.  This  suggests  that  a continuation
of recent  shifts in demand  and supply would
not result in great future market disruptions.
Demand  growth  was  most  pronounced  for
processed  products  and  it  seems likely,  and
even necessary,  that U.S.  potato production
must  expand  if national  demands  are  to  be
met at constant  real prices.
4Yield  per  planted  acre  and  price  linking equation  re-
sults are not  reported due  to space  limitations  and our
wish to  limit  results  to  significant  findings.  Interested




















































December 1982Estes, Blakeslee and Mittelhammer
TABLE  4.  Estimated  Elasticities  of  Demand  with  Respect  to  Farm  Price,  Income,  Conve-
nience,  and  Marketing  Margins,  Mean  Level of Data  1955-1975.
~~~~~~~~~~Elasticity  _______With respect to: Elasticity
of:  FPu.s./CPI  WLFu.s.  Y/N-CPI  IWR/CPI  IWPI/CPI
QdR/N  -. 124  -1.056  .111  -1.361
QpD/N  -. 235  4.715  .666  -. 250
LOG QD  -. 891
NOTE:  In the feed  elasticity calculation,  FPu.s.  is not deflated by CPI.
Recent  rapid  growth  in  irrigated  areas  potato  acreage  of the  type  that  might  be
makes  it  relevant  to  examine  the  conse-  associated  with  accelerated  irrigation  devel- ;
quences  for  the  national  potato  market  of  opment through  1990.  In these scenarios,  it
even  more  rapid  expansion  in  the  PNW's  was  assumed  that  year to year secular  shifts
TABLE 5.  Simulated  U.S.  Potato Market Outcomes with the PNW Acreage Response  Function
Shifting 25 and  50 Percent  More  Rapidly than  Historically, and  Comparisons.
25%  PNW  50%  PNW
Acreage  Acreage
Simulation  Baseline  Acceleration  Acceleration
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TABLE 5 (Continued)
25%  PNW  50%  PNW
Acreage  Acreage
Simulation  Baseline  Acceleration  Acceleration
Variable  Year  Values  Results  Difference  Results  Difference
PNW  Potato
Price ($/cwt)  1980  3.42  3.37  -0.05  3.32  -0.10
1985  3.37  3.28  -0.09  3.19  -0.18
1990  3.43  3.30  -0.13  3.17  - 0.26
Other  Regions'
Potato Price
($/cwt)  1980  4.90  4.85  -0.05  4.78  -0.12
1985  4.91  4.81  -0.10  4.72  -0.19
1990  5.07  4.94  -0.13  4.85  -0.22
PNW
Acreage
(1,000 A)  1980  544.30  555.65  11.35  567.01  22.71
1985  609.50  635.02  25.52  660.56  51.06
1990  678.16  718.06  39.90  757.98  79.82
Other  Regions'
Potato Acreage
(1,000 A)  1980  942.91  932.19  -10.72  921.46  -21.45
1985  978.09  949.47  - 28.62  920.85  -57.24
1990  1,015.85  967.63  -48.22  919.44  -96.41
U.S.  Potato
Acreage  (1,000 A)  1980  1,487.21  1,487.84  0.63  1,488.47  1.26
1985  1,587.60  1,584.49  -3.11  1,581.41  -6.19
1990  1,694.01  1,685.69  -8.32  1,677.42  -16.59
in the PNW acreage response schedule occur
at  rates  25  percent  and  50  percent  greater
than the rate  of change in the baseline  solu-
tions.  To implement  this,  the  PNW acreage
schedule  was  modified  by  multiplying  the
coefficient  of time  by  1.25  (or 1.5)  and then
adjusting  the  intercept  so  that  the  locus  of
the  schedule  was  the  same  in  1975  after
modification  as it was  in the baseline simula-
tion.  Results  for the entire system were  then
simulated  using  the  modified  PNW  acreage
schedule  and  calculated  solutions  for  each
year  in  1975-90.  These  two  above-average
acreage  growth rates were  selected  as repre-
senting both feasible and realistic amounts  of
land to  come into production  in the PNW as
water  becomes  available.  Although  simula-
tion  results  of both  above-average  acreage
growth are  presented  in  Table  5,  discussion
will focus  on  the 50 percent  growth  simula-
tion  results  since  the  model  is  basically
linear.
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By 1990, PNW planted area is estimated to
be  approximately  758,000  acres,  nearly
80,000  acres  more than in  the baseline  solu-
tion for that date.  Over the same time  span,
the  five  competing  regions  would  plant
96,000 fewer acres  of potatoes  in comparison
to  1990  baseline  solution  values.  Additional
PNW  acreage  results  in  an  approximately
26.8  million  cwt  increase  in  production  for
the  Northwest while  the concomitant reduc-
tion  in  the  competing  regions'  production
results  in  a 21.9  million cwt decline  in their
aggregate  potato production.  As  a result,  the
market  share  for  Northwest  potato  growers
increases  to  nearly  55 percent by  1990.  The
estimate  of increased U.S.  potato production
associated  with  a lower level  of U.S.  potato
area  under  the  accelerated  irrigation  devel-
opment  assumption  is  due  to  Northwest
potato  yields  being  notably  higher  than
yields  in  competing  regions.  Thus,  though
the decrease in acreage  in competing regions
December 1982Estes, Blakeslee and Mittelhammer
exceeds  the increase  in potato acreage in the
Northwest,  total  U.S.  production  remains
above  the baseline  solution value.  The redis-
tribution of production  shares among  the re-
gions,  however,  would be accompanied  by a
$.26  per  cwt  decline  in  Northwest  farm
price,  a $.22 decline in other regions  average
farm  price  and  a  $.33  per  cwt  decrease  in
U.S.  average farm price for potatoes over the
projection  period.
Table  5  suggests  that the small  increment
of additional  U.S.  production  would  be  dis-
tributed  about  equally  between  processing
and  fresh  uses  with  a  small  amount  being
used for feed.
Perhaps  the  most  surprising  results  from
the simulations  with accelerated  shifts of the
PNW  planted  acreage  schedule  are  the
rather modest price effects.  These  were gen-
erated  under  circumstances  where  PNW
potato supply is increased significantly from a
base where  the region already  accounted  for
a major  share  of national  supply,  and where
price  elasticity  of  national  demand  is  es-
timated to be small.  A key factor in bringing
about these results is the comparatively high-
er long-run price elasticity of potato supply in
the competing regions.  Of equal importance
is  that potato  products  in  various  forms  can
be shipped economically  between  regions  so
that price effects originating in one region are
readily  transmitted  to  others.  The  combina-
tion of easy price  transmission  and relatively
elastic  supply  in  competing  regions  means
that negative  price  impacts  originating  from
one  region's expanded supplies  produce sup-
ply  retrenchment  in  competing  regions.
Under  such  conditions,  market  penetration
can  occur with minimal price impacts  on the
suppliers  who  expand  production,  and with
most  of the  impact  being  in  the  form  of
displacements  of existing production  in com-
peting regions.
Summary and  Conclusions
A behavioral model  describing forces oper-
ating in the U.S.  potato market for the  1955-
75 period  was  estimated.  Potato  supply  was
shown  to be  generally  price  inelastic  in  the
short  run.  The statistical importance  of price
risk  as  an  explanatory  force  in  the  planting
decision was evident in four of the six regions
examined.  Demands  were found to be price
elastic suggesting that abrupt changes in total
production  would  have  major  inverse  price
effects.  Estimated  coefficients also suggested
a relatively  rapid rate  of demand  expansion,
especially  for processed  potato products.
A  baseline  simulation  provided  a  set  of
reference  values  which  indicated  the  acre-
age,  production,  and  price  levels  for
potatoes,  that would prevail  in 1990 if recent
historical  trends were  to continue.  If market
penetration  by Northwest producers is  accel-
erated  by a more rapid rightward  shift in the
region's potato  acreage  response  function,  it
appears  that the price effects would be quite
modest.  Most  of the effects  take the form  of
displacements  of  production  in  competing
areas.  Opportunities  for  a  considerable  ex-
pansion  of production  in the  PNW pursuant
to  irrigation  development  appear to  exist  if,
as  seems  likely,  the  secular  shift  in  potato
demand  continues.  This  is  most  likely  to
occur  if  changes  in  age  distribution  and
make-up  of the work  force  continue  to favor
demand  for  convenience  foods.  However,
even moderately  excessive increase  in  PNW
acreage  tend  to  have  discernable  adverse
price  effects.  Thus,  additional  market  pene-
tration by Northwest producers  could  occur,
but  only  within  prescribed  limits  and  at
gradual rates  over time.
References
Anderson,  J.  R.,  J.  L.  Dillon,  and  J.  B.  Hardaker.  Ag-
ricultural Decision Analysis. Ames:  Iowa  State  Uni-
versity  Press,  1977.
Brandow,  G.  E.  "Interrelations  Among  Demands  for
Farm Products  and Implications  for Control of Market
Supply."  Agricultural  Experiment  Station  Bulletin
No.  680,  Penn.  State  University,  August,  1961.
Cagan,  P.  "The  Monetary  Dynamics  of  Hyper-
Inflations."  In  M.  Freedman  (ed.),  Studies  in  the
Quantity Theory  of  Money.  Chicago:  University  of
Chicago  Press,  1956.
249
Northwest Potato ProductionWestern Journal  of Agricultural  Economics
Cardwell,  H. T.  and R.  Davis. A SeasonalAnalysis of the
U.S.  Potato Market.  Texas  Tech.  University,  Pub-
lication  No.  T-1-192,  1980.
Carter,  H.  0.  and  G.  W.  Dean.  "Income,  Price,  and
Yield  Variability  for  Principal  California  Crops  and
Cropping  Systems." Hilgardia,  30(1960):175-218.
Estes,  E.  A. "Supply  Response and Simulation of Supply
and  Demand for the  U.S.  Potato  Industry."  Unpub-
lished Ph.D dissertation,  Washington  State Universi-
ty,  Pullman,  1979.
Estes,  E.  A.,  L.  Blakeslee,  and  R.  Mittelhammer.  "On
Variances of Conditional  Linear Least-Squares  Search
Parameter  Estimates."  American Journal of Agricul-
tural Economics 63(1981):141-45.
George,  P.  S. and G.  A.  King.  "Consumer Demand for
Food Commodities  in the United  States with Projec-
tions for 1980." Giannini Foundation  Monograph  No.
26,  University  of California,  March,  1971.
Gray,  R.  W., V.  L. Sorenson, and W.  W.  Cochrane.  An
Economic Analysis of the Impact of Government Pro-
grams on  the Potato Industry of the  U.S.  St.  Paul:
University of Minnesota,  Agr.  Exp.  Bulletin  No. 211,
1954.
Hee,  O.  Demand  and  Price Analysis  for  Potatoes.
USDA,  ERS,  Washington,  D.C.,  Tech.  Bulletin  No.
1380,  1967.
The  Effect  of  Price  on  Acreage  and  Yield  of
Potatoes. Agricultural Economic Research 10(1958).
Just,  R.  E.  Econometric Analysis  of Production Deci-
sions with Government Intervention: The Case of the
California Field Crops. Giannini  Foundation  Mono-
graph  No.  33,  University  of California,  1974.
"An  Investigation  of the Importance  of Risk  in
Farmers' Decisions."  American  Journal  of Agricultur-
al Economics, 56(1974):14-25.
"Estimation of an  Adaptive  Expectations  Mod-
el." International  Economic Review.  18(1977):629-44.
Lin, W.  "Measuring  Aggregate  Supply  Response Under
Instability."  American Journal of Agricultural Eco-
nomics, 59(1977):903-7.
Markowitz,  H.  M.  Portfolio Selection. Cowles  Commis-
sion  for Research  in  Economics  Monograph  No.  16,
New York,  1959.
Nerlove,  M.  "Estimates  of the  Elasticities  of Supply of
Selected Agricultural Commodities."  Journal  of Farm
Economics, 38(1956):496-509.
250
The  Dynamics of Supply: Estimation of Farm-
ers' Response to  Price. Baltimore,  Maryland:  Johns
Hopkins  Press,  1958.
Nerlove,  M.,  and  K.  L.  Bachman.  "The  Analysis  of
Changes  in  Agricultural  Supply:  Problems  and  Ap-
proaches."  Journal  of Farm Economics, 42(1960):531-
54.
Pubols,  B.  H.  and S.  B.  Klaman.  Farmers'  Response to
Price in the  Production of Potatoes, 1922-41.  U.S.
Bureau of Agr.  Econ.  Washington,  1945.
Raleigh,  S.  M.  "Fall  Potatoes:  Production,  Consump-
tion,  Marketing  Patterns,  Prices,  and  Spreads."
USDA,  ERS,  Vegetable  Outlook and  Situation,  TVS-
222,  October  1981.
Ryan,  T.  J.  "Supply  Response  to Risk: The Case of U.S.
Pinto  Beans."  Western Journal of Agricultural Eco-
nomics, 2(1977):35-43.
Simmons,  W.  M. An Economic Study of the U.S. Potato
Industry. USDA Economic  Report  No.  6,  Washing-
ton,  D.C.,  1962.
Theil,  H.  Principles of Econometrics. New  York:  John
Wiley and Sons,  1971.
.Unpublished  material  originally to  be included
in  a  second  edition  of  Principles of  Econometrics,
obtained  by mail correspondence  with the author.
Tobin,  J.  "Liquidity  Preference  as  Behavior  Toward
Risk." Review of Economic Studies, 25(1958):65-86.
Traill,  B.  "Risk  Variables  in  Econometric  Supply  Re-
sponse  Models."  Australian Journal of Agricultural
Economics, 22(1978):53-61.
Whittlesey,  N.  K., J.  R. Buteau,  W.  R.  Butcher, and D.
Walker.  "Energy  Tradeoffs  and Economic  Feasibility
of Irrigation  Development  in the  Pacific  Northwest,"
College of Agriculture  Research Center Bulletin 0896,
Washington  State  University,  1981.
Zusman,  P.  "Econometric  Analysis  of the  Market  for
California  Early Potatoes."  Hilgardia 11,  1962.
Appendix
The  basic  acreage  model,  generalized  to
include  risk  considerations,  is  given  as  (1),
(2),  and  (3)  in  the  text.  The  infinite  sums
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appearing in the definitions of Pt-1 and Vt  1
can be usefully partitioned into:  (1) terms for
that period of time from an initial observation
point  (tb)  onward;  and  (2) terms  for  all  time
periods  prior  to  tb.  Using  this partitioning,
equation  (1) can  be written as  (Al),
t-  tb -1
(Al)  At= P3+  PI  [  (1-  )
i  =0
Pt-i-1 + (1 -)  tP-tb1]
t - tb-1
+32  [4)  (1-  )iPt 
_ i
- P-  i-)
2 + (1 - ) t - tb  1] +  t
of Ptb-1 is  given  as
00
(A3)  Ptb _i()  =  d)  (1-)  itb _i- 1
i=0
With  ()  given,  a  set  of  observations  on
prices  prior  to tb  (say,  back  to ta<tb) can  be
used to  estimate Ptb-I consistently  as
tb  - ta -1
(A4)  Ptb-(-))= K (c)  E  (I1-()
i
i  =0
Ptb  i-  1
where  K(()  is  defined  as:
or  using  an  obvious  change  of notation,  as
equation  (A2). (A5)  K(4()  =  [(4
t  - ta  -
I  (l--  ()i]- 1.
i  =0
(A2)  At =  o+  lXt(  PX  t b (()  P  ,
Pt-1,  Pt-2  ... ,  Ptb)+
P2X2t(¢,  Pb_ -l,  Vt b - 1,
Pt-1,  Pt-2,.  .,  Ptb) +  ,t
The  main  data  set  used  for  estimation  con-
sists of the T observations  for the time  inter-
val  (tb,  tf) where  tb  is the  initial  observation
and tf is  the final observation.
It  is  apparent  that  if (,  Pt  1 and  Vetb
were  known,  then  the  functions  X1t(.)  and
X2t(.)  could be  evaluated  for  each  t,  and  3o,
31,  and  P2  could  be  estimated  by  standard
multiple  regression  techniques.  The  result-
ing estimates  can be described as either  con-
ditional  least squares estimates  or conditional
maximum  likelihood  estimates.  Of  im-
mediate  concern  is the  estimation of the  un-
known  quantities  Ptb  1 and  Vtb  1.
The  procedure  used  to  estimate  Ptb_1  is
that  suggested  by  Just  (1977).  Under  the
model  specification  adopted,  the  true  value
To  establish  consistency,  it  is  sufficient  to
observe  that  as  the  number  of  additional
observations  increases  without bound,  Ptb-  1
(<)  converges  to  Ptb-  1  Then,  as  Just  has
argued,  Ptb1 (()  is a consistent estimator of
Ptb-  even when a consistent estimator of  ) is
substituted for the actual value of  ) in (A5) so
long as tf-  ta increases  without bound in such
a  way  that  both  tf-tb  and  tb-ta  increase
without bounds.  Under maximum likelihood,
tf-tb--->  insures  a consistent  estimate of 4),
while  tb-ta-->o  insures  that  Ptb_1  ()  con-
verges  to  Ptb-  1
The procedure  used to estimate Vtb_ 1 rep-
resents an extension of the procedure  used to
estimate  Ptb  1. First,  if  ), Ptb  1, and actual
prices  for  periods  prior  to  tb  were  known,
then  from  equation  (A3),  prior  values  of
Ptb  -2  Ptb-3. . ,  could be calculated  recur-
sively as
(A6)  Ptb_  i1  = (Ptb  i -Ptb  i)/(  - )
i= 1,2,3,...
If a consistent  estimate of P_ 1 is  available
(such as that in  (A4)),  together with a consis-
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tent  estimate  of (,  then  Ptb-2,  Ptb-3,  etc.,
may  be  estimated  consistently  by  equation
(A6).  For  convenience  call  these  estimates
Ptb-2(4)),  Ptb-3(), etc.
Next,  note  that the  true value of Vtb-  is
given  as
o00
(A7)  Vb 1 =  )  (1 - (Ptb  _ i-
i=0
A  significant  advantage  of this  procedure
over those  in Just (1977) is  the elimination of
one  nonessential  trend dominated  regressor
t - tb
((1-  ))  Vtb-1)  in  a  manner  which  pre-
serves  the  integrity  of the  model.  This  re-
moves what  can  be a  considerably  multicol-
linearity  problem.  In  addition,  it  permits
more precise  estimation  of standard  errors.
-Ptb-i-2)2
Though  its  value  is  not  known,  it  can  be
estimated  by  a  procedure  analagous  to  the
one used to  estimate Pt  1. This  is shown in
equation  (A8),
(A8)  Vetb~-(I))=K  tb  - ta - 1
(^8)  K  ()O
i=O
(Ptb - i - 1 -Pt-i-  2())
2
Instead  of using  a finite  number  of observa-
tions on prices prior to tb,  prior observations
are used  on the  squared  deviations  between
actual prior prices and consistently estimated
prior expected prices.  The definition of K(()
is  the same  as  that used previously,  and the
estimates  of prior  expected  prices  are  cal-
culated  as  in equation  (A6).  The demonstra-
tion of consistency  for  the estimate  of Vb-
rests  on  the  same  arguments  used  to  show
consistency  in the  estimates  for Ptb-1.
Consistent estimates  of (,  3o,  P1 and  32 in
(Al)  and  (A2)  are  found  by  nonlinear  least
squares  or  maximum  likelihood.  After  ex-
pressing estimates of Pt-  1 and Vb_ 1 as func-
tions of (  using (A4),  (A5),  (A6) and (A8),  the
parameter set  consists  on  only 4,  o3,  P1  and
32.  Estimation  is then pursued  via the  con-
centrated likelihood function method.  A gen-
eral discussion of nonlinear least squares pro-
cedures can be found in Theil (undated). The
concentrated  likelihood  method  is  explained
in Koopmans and Hood.  Specific procedures
used  in  this  model  are  described  in  Estes,
Blakeslee,  and  Mittelhammer.
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